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Amendment Dated: 
Reply to Office Action 
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REMARKS 

The rejections of Claims 1-9 and 11-13 as being unpatentable over Muller 
in view of Carawan and of Claims 14-21 as being unpatentable over Muller in 
view of Carawan and further in view of Kromrey, both under 35 U.S.C. § 103(a), 
are respectfully traversed. Applicant requests reconsideration in view of the 
foregoing amendments to Claims 1 and 14, the previous comments regarding the 
cited prior art and the following remarks. 

The Office Action asserts that the references "all address the common 
problem of composites that allow vapor and fluid flow" but does not substantiate 
that assertion by citation to the references themselves. Applicant previously 
invited the Office to point out where the common problem has been addressed, 
but thus far the record is silent. 

It has been and still is the Applicant's position that the section 103(a) 
rejections are based upon impermissible hindsight evidenced by the combination 
of non-analogous prior art. Applicant previously pointed out that filters and 
breather sheets perform essentially different functions. The Office Action 
attempts to overcome this very apparent distinction by arguing that breathing 
occurs in a filter because it allows fluids to pass through it. The Office would be 
hard pressed to find a single example of a document describing a filter that also 
refers to breathing, particularly as a tortuous path is the focus of filtering action. 
And the Office does not address the converse, namely that breather sheets are 
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not considered as a mechanism for filtering out materials. Indeed, as the 
attached materials show, filtering in composites is often done by bleeder sheets, 
not breather sheets, in order to absorb resin from the laminate. Persons of 
ordinary skill know that breather sheets are there to maintain a breathing path 
not to filter. 

Claims 1 and 14 now also contain the "incompressibility" feature of Claims 
3 and 16, respectively. Even accepting the hypothetical combination of Muller's 
filtering material as the starting point as modified by Carawan's filter element 
as well as by Kromrey's method of using breather materials, the resultant would 
not include an incompressible mesh layer permitting of uniform thickness. The 
Office Action refers to Fig. 6 of Muller, where there are several layers of 
perforated material in which the fibers at the edges of the perforations are 
frayed. The Muller patent teaches that a material should be chosen so as to fray 
to a large extent on tearing, e.g. a material similar to blotting paper. Fraying of 
the material is needed to ensure that the filtering action is high. 

Putting aside the issue of equivalence between filters and breather sheets, 
Applicant submits that, even in the filter art, one of ordinary skill would not 
have found it obvious to combine the teachings of Muller and Carawan, the latter 
involving metal meshes and screens and thus not susceptible to fraying. Such a 
combination would undo what Muller was attempting to achieve as noted above. 
Moreover, the hindsight combination still would not have produced an 
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incompressible structure because the protruding parts of the perforations would 
be deformable, and the assembled sheet would be compressible. The same would 
apply were the metal mesh suggested by Carawan to be substituted for the 
fibrous filtering material in Muller's Fig. 15 embodiment or even if all of the 
layers in Muller's Fig. 15 embodiment were to be replaced by metal meshes or 
screens. Assuming that it was well known that a metal mesh is incompressible 
across its plane, and the metal filter media of Fig. 6 of Carawan could have been 
used in Muller that, even if metal meshes and/or screens were employed, the 
assembled filter element would still have been easily compressible across the 
plane of the assembled element. 

The Office Action thus had not set forth a prima facie case of obviousness. 
Accordingly, early and favorable action is earnestly solicited. 

If there are any questions regarding this response or the application in 
general, a telephone call to the undersigned would be appreciated since this 
should expedite the prosecution of the application for all concerned. 

If necessary to effect a timely response, this paper should be considered as 
a petition for an Extension of Time sufficient to effect a timely response, and 
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please charge any deficiency in fees or credit any overpayments to Deposit 
Account No. 05-1323 (Docket # 038665.557 12US). 



Attachments 

CROWELL & MORING, LLP 
Intellectual Property Group 
P.O. Box 14300 
Washington, DC 20044-4300 
Telephone No.: (202) 624-2500 
Facsimile No.: (202) 628-8844 
JFM/cee 

DN#6106910_1 




Respectfully submitted, 



July 16, 2008 
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Guide To Composites 
Vacuum Bagging 

There are three main purposes for vacuum bagging: 

• Application of compaction pressure to consolidate plies 

• Extraction of moisture, solvents, and volatiles from curing 
composite 

• Allow resin to flow and be absorbed without hydraulic lock 

The maximum compaction pressure available at sea level with a perfect 
vacuum bag is 14.7 psl (29.92 inches or 760 mm of mercury.) This 
maximum available pressure drops approximately 0.5 psi (1 inch or 25.4 
mm of mercury) for each 1 ,000 foot gain in attitude. The routes for 
extraction of gases and resins is shown in the figure below: 




The compaction pressure provided by a vacuum bag is crucial for good 
quality parts, when they are cured in a vacuum bag only. However, in an 
autoclave cure, much higher pressures are routinely available, up to 
several hundred psi for some types of solid laminates. However, the 
vacuum bag is still required in these circumstances, to extract the gases 
and reduce porosity. 

How to sequence and use the variety of materials used in vacuum 
bagging can be one of the most confusing aspects in performing 
composite repair. The sequence of materials used is called the bagging 
schedule. 
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Release film or peel ply 

The first layer that goes against the uncured laminate is a release film or 
a peel ply that is used as a barrier between the laminate and the 
subsequent bleeder or breather layers. This layer can pe non-porous or 
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porous material depending on whether or not resin bleed is necessary. 
Often a perforated release film is used for a controlled resin bleed. The 
diameter and the spacing of the holes can vary depending on the amount 
of resin flow desired. A porous peel ply is used when you do not wish to 
restrict the resin bleed and/or a peel ply surface texture is required. A 
non-porous peel ply (commonly known as FEP, fluorinated ethylene 
propylene, or Teflon®) is used when no resin bleed Is required, but 
evacuation of the volatile* and solvents is desired. This layer usually 
extends beyond the edge of the layup and can be sealed and/or secured 
with flashbreaker (FB) tape as required. 



Bleeder layer 

The bleeder layer is used to absorb resin from the laminate either through 
a porous peel ply or a perforated release film as described above. The 
bleeder layer is usually a non-woven synthetic fiber material that comes in 
a variety of different thicknesses and/or weights that range from between 
2 oz./yd2 to 20 oz./yd2. Multiple layers can also be utilized for heavy resin 
bleed requirements. This layer usually extends beyond the edge of the 
layup and is secured in place with FB tape as required. 



Separator film layer 



The separator layer is used between the bleeder layer and the 
subsequent breather layer to restrict or prevent resin flow. This is usually 
a solid or perforated release film that extends to the edge of the layup, but 
stops slightly inside the edge of the bleeder layer, to allow as gas path to 
the vacuum ports. Non-porous FEP can also be used as a separator 
layer. 



Breather layer 

The breather layer is used to maintain a "breather" path throughout the 
bag to the vacuum source, so that air and volatile can escape, and so 
continuous pressure can be applied to the laminate. Typically synthetic 
fiber materials and/or heavy fiberglass fabric is used for this purpose. The 
breather layer usually extends past the edges of the layup so that the 
edge-band makes contact with the bleeder ply around the separator film. 
The vacuum ports are connected to the breather layer either directly or 
with strips that run up into the pleats of the bag. It is especially important 
that adequate breather material be used in the autoclave at pressure. 



Bag film and sealant tape 



The bag film is used as the vacuum membrane that is sealed at the edges 
to either the mold surface or to itself if an envelope bag is used. A 
rubberized sealant tape or putty is used to provide the seal at the 
periphery. The bag film layer Is generally much larger than the area being 
bagged as extra material is required to form pleats at all of the inside 
comers and about the periphery of the bag as required to prevent 
bridging. Bag films are made of Nylon®. Kaptonfc, or P.V.A. (polyvinyl 
alcohol) materials. 



In addition to bagging schedules, there are other issues in vacuum 
bagging: 



» Thermocouple quantity and placement 

• Caul plates 

• Heat blanket issues 

• Heat sinks 

e Extra adhesive layers 

• Vacuum port quantity and placement 

• Bagging ''pleats" 

m How much vacuum to draw 



There are no quick and easy answers here. The bagging schedules used 
with wet layup repairs are affected by the ambient temperature as well as 
the pot life and amount of resin used. With prepreg repairs, the shelf life 
of the prepreg as well as its out-time "B-stage" affect the bagging 
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schedule. Also, older but still certified prepreg may require a different 
schedule than fresh prepreg. The best practice is to test first whenever in 
doubt 
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&2, AUTOCLAVE MOLDING 



However, in other industries where port* are aniall and n« Complex, the ;wtociave 
process can bo cost effective High volume production can be achieved by rtducing cycle 
time by choosing inaterials that cure, fester- Multiple parts could be oared simultaneously. 
One cm addr«s» small curvatures and minor geometric complexities by placing the wet 
composite on a tool surface- As the resin heats up, che plies become teas stiff and will 
adhere to the shape of the tool lying beneath it. 

The advantage* of the use of autoclaves include the ability to process a wide variety 
of xa&t trials and be able to obtain ft very high fiber volume fraction in the composite due 
to its ability to apply high pressure*, Hence, the autoclave has traditionally been used to 
process composite structures for the aerospaoe industry. The main disadvantage of the use 
of the autoclave are the high initial capital mvestmenx and the inability to v» the pressure 
and temperature control effectively to produce void free composite structure*. In addition, 
cue cannot make complicated near net shaped structure* as the mold is usually one Sided. 
Also moat of the cure cycles developed for aerospace structures are slot** and can take hours 
before one can remove the part from the autoclave rendering it unsuitable fur high volume 
production. 



Part Preparation 

The autoclave baa been successfully used for many years to make composite part* -which 
have no or negligible geometrk oomplewty. Hence, the tool is usually & flat plate with 
very few curvature* a»d insert*. The tool material may be aluminum, steel, nickel, mvar 
or even a composite depending on the application and the cost. A release film or & coating 
of release gel is usually Applied on the tool surface for easy removal The composite Jnyup, 
consisting of prepress or tapes, ia pieced on the tool surface sandwiched between release 
plies or fabrics. Cork or solid apeeer plates are placed around the perimeter of the stacked 
plies, and they act a* dams and limit reain flow in the lateral direction. The release Elm and 
fdwe fabric Are n^ees&ry for easy separation of the composite part from the tool surface 
and the vacuum bag- Blcedere are used to absorb excess resin in the thickness direction- 
The release fabric, in addition to assisting in releasing (he composite from the cool, allowa 
resin to flow into the bleeders. Peel plies provide surface texture and protect the part 
surface during handling* The breather material allows for uniform distribution of vacuum 
over the surface of the pert. An inner vacuum, bag is placed on. top to deal the assembly 
along the tool surface and the perimeter dams. A caul plate covers the whole assembly. The 
rote of the caul plate fas to improve the surface finish of the part and h^prove dimensional 
tolerance by applying uniform pressure and minimizing ply movement. The caul plate may 
be semi-rigid and in made of thin metal, composite or rubber material or may be rigid 
for critical dimensional tolerance. The vacuum hag and breather material creates vacuum 
pressure inside the assembly, The driving force |br consolidation is the difference between 
the autoclave pressure on the outside and the vacuum pressure inside the vacuum bag. A 
typical stacking order of layers is shown m. Figure 6,3. 



8*3.2 Material and Process Parameters 

The goal of consolidation te to force alt pocket* (or void*) and excess resin out of the 
structure. By squeezing these Daws out of the composite part, el single coherent structure 
can be made by inducing intimate contact between the individual plies; The iraal structure 
will be thinner than the original material placed into the autoclave, but the fiber volume 
fraction* V f> will mcrwse making it a stronger part. Moreover, due to consolidation! the 
mtertaninar shear strength will also increase. 
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342 CHAPTERS. PROCESSING ADVANCED THBBMOSET FIBER COMPOSITES 

^ Vacuum Bag 
Caul Plate 
•BflMKNtf Malarial 
Release Wm* Perforated 

f BlMMtef Materia) 

Rat**** Fabric 

Composite Uy4Jp 
ftafus* Fabric 
^ R*l*as*FBm 

'Vacuum Bag 

Sealant lap* 

Figure 8.3; SdwraatU; of stacking order in autoclave prowssing (redrawn from [397j.) 

Typically, thermosets haw been ascd in autoclave processing. For most ihermoset 
resin^ the heat of the autoclave is actually necessary to initiate tbe cure reaction. The 
typical temperature rang* for autoclave processing of thermit* t» Around 100-200 p O, with 
pressures in the 600-700 kPa range. Thermoplastics can also be used, but as is typical with 
thcrmoptotfcs, the temperature and pressure requirement* are much btgher than those /or 
thermos***. For example, thenaoplastic matrix materials such as PEI or PEKK require 
processing temperatures in the 300-400*0 range with pressures of the order of 1 MFa. 

The typical Inputs to the autoclave process arc the raw material quality, attribute* of 
port preparation and handling, and most importantly from the process modeling viewpoint, 
the pressure and temperature cycle imposed on the autoclave for composite manufacturing. 
Tbe quality of the part manufactured is measured in terms of final thklttMsss or drowa*»ona, 
degree of cure or eroj^Jinking (for tiwisosets) and void or porosity content. The prepress 
used in tbe composite iayup tan be either impregnated (either partially or fully) tapes with 
smooth surfaces, or fully impregnated tapes with rough surfaces, ft was found that fully 
impregnated tapes with smooth surfaces do not provide a path far the volatile* and air to 
escape from the part and can lead to a lower quality part. Tbe material preparation can 
influence the part quality if the procedure of Iayup b wot executed in a reportable fashion. 
However, as a process modeler, the most effective way to influence the part quality is by 
coutrollinfi the pressure and the temperature cycle during the curing and consolidation of 
the composite part. 

An example of a pressure and cure cycle is shown in Figure 8.4. There are typically 
three stages of autoclave processing. Stage I is the beating stage. At the same time* the 
pressure is ramped up inside the autoclave during this stage. The first pressure ramp 
and bold in stage I is for the viscosity to go down and for excess resin to flow vertically 
inio the bleeder material. The second ramp and hold is for polymerization of the resin to 
initiate during which lime the viscosity rises dramatically Stage I ends when the selected 
processing pressure and temperature are reached- Stage TI is essentially a "hold stage The 
autoclave is maintained at the processing pressure and temperature to ahW consolidation 
and curing to occur during this stage. As the cure reaction proceeds and generates beat 
due to polymerization* in stage III, the temperature is lowered to allow the excess heat 
from the reaction to diffuse through the part but the pressure is maintained to prevent 
voids from growing. When the cure reaction is complete and the temperature of the part is 
towered, the pressure is released and the part is removed from the autoclave. The vacuum is 
discontinued to allow for out-gasaing of volatile*. Although the autoclave pressure is high, 
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